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(57) [Abstract] 

[Objective] Collapsing of resist pattern of large aspect ratio in 
developing step is prevented. 

[Constitution] It mixes surfactant to at least one of developer 
and rinse liquid, wettabilityand tackiness of resist pattern surface 
decreasing with surface treatment, or dispersingthe fine gas 
bubble or microparticle in liquid between resist pattern, it 
decreasesthe resist pattern breakdown by preventing contact 
between resist pattern. 
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[Claim 1] Being a method which prevents collapsing of photor 
esist pattern in developing step, 

Adding surfactant in liquid of at least one of developer and rinse 
liquidwhich are used for aforementioned developing step, surfac 
tension of theaforementioned liquid method which prevents 
collapsing of thephotoresist pattern which designates that it 
decreases as feature. 

[Claim 2] As for aforementioned surfactant method which is s 
tated in Claim 1 which designates that it is a surfactant of 
fluorine type as feature. 

[Claim 3] As for aforementioned fluorine-based surfactant, me 
thod which is stated in theClaim 2 which designates that at 
least one of gmmonium perfl u oroalkvlsulfonate sal t and 
jerflu ogmlk^^^^ ethanol is included as 

feature. 

[Claim 4] As for aforementioned rinse liquid furthermore in or 
der to decrease thesurface tension temperature rise method 
which is stated in section of anyof Claims 1 through 3 which 
designates that it is done as feature. 

[Claim 5] Being a method which prevents collapsing of photor 
esist pattern in developing step, 

By adding small organic solvent of surface tension in liquid of a 
least one ofthe water-based developing liquid and aqueous rinse 
liquid which are used for aforementioned developing stepthe 
surface tension of aforementioned liquid method which 
prevents thecoliapsing of photoresist pattern which designates 
that it decreases as feature. 

[Claim 6] As for aforementioned organic solvent method whic 
h is stated in Claim 5 which designates that it is a alcohols as 
feature, 

[Claim 7] As for aforementioned alcohols, method which is st 
ated in theClaim 6 which designates that at least one of 
methanol and ethanol isincluded as feature. 

[Claim 8] Being a method which prevents collapsing of photor 
esist pattern in developing step, 

Method which prevents collapsing of photoresist pattern which 
designatesthat at least one of developer and rinse liquid which 
are used with theaforementioned developing step is removed 
with lyophilization method as feature. 
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[Claim 9] Being a method which prevents collapsing of photor 
esist pattern in developing step, 

Wettability of aforementioned resist pattern for liquid by adding 
thesurfactant in resist method which prevents collapsing of 
thephotoresist pattern which designates that it decreases as 
feature. 

[Claim 10] As for aforementioned surfactant method which is 
stated in Claim 9 which designates that it is a surfactant of 
fluorine type as feature. 

[Claim 1 1] Being a method which prevents collapsing of photc 
resist pattern in developing step, 

By causing silation reaction in surface of aforementioned resist 
pattern whichwas developed wettability and tackiness of 
aforementioned surface themethod which prevents collapsing 
of photoresist pattern which designates thatit decreases as 
feature. 

[Claim 12] As for silylation which causes aforementioned silat 
on reaction, method which is stated in Claim 1 1 which 
designates that bis di (methylamino) d^jj£l 1 silaneis 
included as feature. 

[Claim 13] Being a method which prevents collapsing of photc 
resist pattern in developing step, 

By forming polymer complex in surface of aforementioned resi 
st pattern whichwas developed, wettability and tackiness of 
aforementioned surface themethod which prevents collapsing 
of photoresist pattern which designates thatit decreases as 
feature. 

[Claim 14] In order to forming aforementioned polymer comp 
lex, description above as forthe resist pattern which was 
developed method which is stated in Claim 13 which designate 
that it is dampened in aqueous solution which includes theat 
least one of polyethylene glycol , polyvinyl pyrrolidone , and 
poly acrylamide as feature. 

[Claim 15] Being a method which prevents collapsing of photc 
resist pattern in developing step, 

Method which prevents collapsing of photoresist pattern which 
designatesthe wettability of aforementioned surface and that 
tackiness is decreasedas feature by covering surface of 
aforementioned resist pattern which wasdeveloped with run 
oleaster** t> * Blodgett thin film. 

[Claim 16] Being a method which prevents collapsing of photc 
resist pattern in developing step, 
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Generating small gas bubble in liquid which, fills up between the 
orementioned resist pattern which was developed, as for 
aforementionedgas bubble method which prevents collapsing o: 
photoresist pattern whichdesignates that contact between resist 
pattern which is adjacent isprevented as feature. 

[Claim 17] As for aforementioned gas bubble method ofClaii 
16 whichdesignates that it occurs making use of ultrasonic 
vibration as feature. 

[Claim 1 8] Being a method which prevents collapsing of photc 
resist pattern in developing step, 

Microparticle is mixed in liquid which fills up between theaforei 
entioned resist pattern which was developed, method which 
prevents thecollapsing of photoresist pattern which designates 
that it is something wherethe aforementioned microparticle be 
done operates, in order to prevent thecontact between resist 
pattern which is adjacent in etching step after easilythe 
dissolution and removal can as feature. 
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[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention regards developi 
ng step of photoresist pattern, especially, it is 
somethingregarding prevention of collapsing of resist pattern of 
high aspect ratiowith fine in developing step. 

[0002] 

[Prior Art] Regarding semiconductor device of recent years, in c 
rder to be represented withthe DRAM, trend to high integration 
is advanced more and more, furthermore isdesigned in such a 
way that microfabrication technology where precision is high 
isrequired. Recently, it can advance development of 256 mega 
DRAM, microfabrication technology whichposs esses 
dimensional accuracy of quarter micron (0.25 m) level has 
become necessary. On one hand, SR ( synchrotron emission) 
exposure technology and electron beam also research of 
thedrawing technology or other next generation copying 
technology had done activation directly, exposure technology 
whose it ispossible to obtain fine pattern which possesses 
dimensional accuracy of 0.1 m levelwas actualized and was 
converted. In this kind of technological background, copying 
technology in dimensional accuracy region of quarter micron, 
isexamined actively from both surfaces of development and 
research. 

[0003] In under recent this kind of technically condition, it has 
become problem wherethe collapsing of resist pattern which 
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with fine in quarter micron region occursin developing step of 
resist pattern of high aspect ratio is serious. In ultrafine resist 
pattern of 0. 1 to 0. 1 5 m level due to SR. exposure 
fiirthermore, you cansee collapsing of resist pattern regarding 
resist pattern of 0.25 m level, dueto laser copying which uses 
excimer laser you can see collapsing ofthe resist pattern in 
quarter micron region regardless of exposure system. 

[0004] For narrowing of resist pattern, as for light for exposure 
it is desirableto possess a shorter wavelength, you can try 
modification to excimer laserfrom i-line which is a bright line oJ 
conventional mercury lamp, furthermore,modification to SR 
light is tried But, pattern dimension which is exposed becomin 
precision of quarter micron,because film thickness of resist is 
not modified from until recently ,the aspect ratio (For 
linewidthof resist pattern ratio of height of resist layer) of 
resist pattern which is acquired becomes high,the collapsing of 
resist pattern becomes easy to happen. If collapsing of this 
kind of resist pattern happens, it is clear for theresolution of 
resist pattern to be largely impaired. Having possessed precisioj 
where dimensional accuracy of namely, exposure is higherthan 
quarter micron, fact that collapsing of resist pattern cannot 
occurutilize dimensional accuracy of exposure without reaching 
to limit resolution of theexposure system, is present state. 

[0005] Figure 2 through Figure 4 is conceptual perpendicular cr 
oss section which diagrams example of collapsing ofthis kind of 
resist pattern. 

[0006] In Figure 2, as for resist pattern 2 on semiconductor sub 
strate 1, release and 2 resist pattern 2dripping are agreeable 
even mutually from substrate by receiving thepower of a some 
transverse direction. 

[0007] Regarding Figure 3, resist pattern 2 has not peeled off fr 
om semiconductor substrate 1. resist pattern 2 of one is broken 
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[0008] Regarding Figure 4, resist pattern 2 has not peeled off fr 
om semiconductor substrate 1 . 2 resist pattern 2 it has glued 
mutually in those upper part. When surface of resist pattern 
immediately after developing tackiness washigh generally, 
power of a some transverse direction affected, this kind 
ofcollapsing can happen. 

[0009] As caused collapsing of resist pattern an above-mention 
ed way, you canthink next kind of various ones as power which 
operates, surface tension of namely, (1) developer and rinse 
liquid; It depends on (2) developer and rate difference of 
localized flow of therinse liquid pressure ; (3) developer and at 
time of evaporation of rinse liquid pressure difference between 
pattern gap; (4) coater and holds developing apparatus 
centrifugal force of quarter developer which; countercurrent 
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due to localized concentration difference in (5) developer; 
localized dissolution rate difference of theresist in in (6) 
developer; as volume expansion of resist at time of 
(7)development; (8) electrostatic interaction ; internal stress 
of (9) resist; and position etcof center of gravity of resist layer 
which has an influence on (10) patterncauses collapsing of 
pattern, it is thought that it can operate. 

[0010] As description above factor of any or factor of multiple 
being agreeable, stacking shaking of resist pattern occurs when 
itoperates, power which causes this shaking can occur in 
strengthof resist and when adhesion strength of substrate is 
exceeded, breakingand peeling of resist pattern. In addition, 
assuming, that recovery force due to elasticity of resistvis-a-vis 
aforementioned shaking was fully between of theadjacent 
pattern glues with Van der Waals force and electrostatic 
interaction etc, kind of collapsingwhich is shown in Figure 4 
can occur. As for resist pattern immediately after namely, 
developing, if there is akind of state where adhesive was appliec 
and resist patternwhich is adjacent contacts one time, to leave 
it is thought thingwhich becomes difficult In addition, while 
developing it is thought that also warp of theresist pattern due 
to stress which occurs with resist inside induces theexfoliation o 
resist pattern from substrate, becomes cause ofcollapsing. 

[001 1] In order to actualize high resolution resist pattern which 
possesses microscopic dimensional accuracy from thequarter 
micron, fact that collapsing of resist pattern an above- 
mentionedway is prevented is essential. As prevention measure 
of resist pattern breakdown, so far, effort which improves was 
paidthe adhesion strength of resist and semiconductor substrate. 
You did surface treatment of for example semiconductor 
substrate and improvement of film-forming process to onthe 
substrate surface. Of course, because resist pattern breakdown 
certain extent can be decreased with this kindof method, in 
future sufficient examination is expected. But, contact area of 
resist pattern and semiconductor substrate to become very 
smallattendant upon narrowing of resist pattern, decrease of 
collapsing ofthe resist pattern with only surface treatment 
became limit Then, not only an improvement of adhesion 
strength of resist and substrate,the necessity to consider fact 
that power which becomes thecause of resist pattern breakdowi 
is removed occurred. 

[0012] Recently, variety we are examined concerning cause of t 
he resist pattern breakdown, principal cause of resist pattern 
breakdown opinion that it is a surface tension ofthe rinse liquid 
after developing, is reported in The Japan Society of Applied 
Physics Spring lecture abstract 10th 9 page lecture number 29p • 
L - 3 and 29p - L - 4 ofthe 1993. resist pattern which namely, 
development is done washes in order to wash away thedevelope 
by rinse liquid, but it is reported that surface tension of rinse 
liquid atthis washing time is principal cause of resist pattern 
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breakdown. 
[0013] 

[Problems to be Solved by the Invention] Like above, in order t 
o actualize resist pattern which possesses microscopic 
dimensional accuracyfrom quarter micron, method which 
prevents resist pattern breakdown securely isexpected. For 
that, improvement of adhesion strength of resist and substrate 
isassured, in order furthermore, to cause resist pattern 
breakdown, it is desired thatthe power which operates is 
decreased. In addition, it is desired that resist pattern 
breakdown is decreased by preventingglueing between resist 
pattern. 

[0014] Then, this invention has designated that method which 
can prevent theresist pattern breakdown more securely in 
developing step of microscopic resist pattern is offered as 
objective. 

[0015] 

[Means to Solve the Problems] As for method which prevents c 
ollapsing of resist pattern accordingto embodiment of one of 
this invention, in developing step, adding surfactantin liquid of 
at least one of developer and rinse liquid which are usedfor 
developing step, surface tension of liquid it designates that it 
decreasesas feature. 
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[0016] As for method which prevents collapsing of resist patter 
n accordingto embodiment of another of this invention, in 
developing step, surface tension of theaqueous liquid it 
designates that it decreases as feature by adding smallorganic 
solvent of surface tension in liquid of at least one of water-basec 
developing liquid and theaqueous rinse liquid which are used fo: 
developing step. 

[0017] As for method which prevents collapsing of resist patter 
nfurthermore according to embodiment of another of this 
invention, in the developing step, it designates that at least one 
of developer and rinse liquid whichare used with developing ste 
is removed with lyophilization method as feature. 

[0018] Method which prevents collapsing of resist pattern furth 
ermoreaccording to embodiment of another of this invention, 
in developing step thewettability of resist pattern for liquid by 
adding surfactant in resist hasdesignated that it decreases as 
feature. 
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[0019] Method which prevents collapsing of resist pattern furth 
ermoreaccording to embodiment of another of this invention, 
in developing step thewettability and tackiness of surface has 
designated that it decreases asfeature by causing silation reactioi 
in surface of resist pattern which wasdeveloped. 
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[0020] Method which prevents collapsing of resist pattern forth 
ermoreaccording to embodiment of another of this invention, 
in developing step thewettability and tackiness of surface has 
designated that it decreases asfeature by forming polymer 
complex in surface of resist pattern which wasdeveloped. 

[0021] Method which prevents collapsing of resist pattern furth 
ermoreaccording to embodiment of another of this invention, 
in developing step hasdesignated wettability of surface and that 
tackiness is decreased asfeature by covering surface of resist 
pattern which was developed withthe run ol(tf> £>. i* Blodgett 
thin film. 

[0022] As for method which prevents collapsing of resist patter 
nfurthermore according to embodiment of another of this 
invention, in the developing step, generating small gas bubble ir 
liquid which fills up betweenthe resist pattern which was 
developed, as for those gas bubble it designates thatcontact 
between resist pattern which is adjacent is prevented as feature. 

[0023] Furthermore in embodiment of another of this inventio 
n we depend, method which prevents collapsing of resist patten) 
in developing stepmixes microparticle in liquid which fills up 
between resist pattern whichwas developed, those microparticle 
operate, in order to prevent contactbetween resist pattern 
which is adjacent easily designate that it issomething which 
dissolution and removal can be done as feature in etching step 
after. 



[0 0 2 4] 

[0 0 2 5] K&W&i? 1 -D<?>mmz&$>?t bl>V 
ti&>tet£%&mt&&mvt&Z£{z£'oT*G>&<b& 



[0 0 2 6] ^0J(Dt5 1 OOffiaHZcfe*^* hUv 



[0024] 

[Work or Operations of the Invention] Regarding to method w 
hich prevents collapsing of photoresist pattern withthe 
embodiment of one of this invention, adding surfactant in liquid 
ofthe at least one of developer and rinse liquid, because surface 
tension of liquiddecreases, as caused collapsing of resist pattern 
it can decrease thepower which operates. 

[0025] Regarding to method which prevents collapsing of phot 
oresist pattern withthe embodiment of another of this 
invention, because surface tension of liquiddecreases by adding 
small organic solvent of surface tension in liquid of theat least 
one of water-based developing liquid and aqueous rinse liquid, 
caused resist pattern breakdown, it can decreasethe power whic 
operates. 

[0026] Regarding to method which prevents collapsing of phot 
oresist pattern withthe embodiment of another of this 
invention, because at least one of developerand rinse liquid it is 
removed by lyophilization method, as caused resist pattern 
breakdown, thesurface tension of liquid which operates does nol 
exist. 
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[0027] Regarding to method which prevents collapsing of phot 
oresist pattemfurthermore with embodiment of another of this 
invention, because thewettability of resist pattern for liquid by 
adding surfactant in resistdecreases, as caused resist pattern 
breakdown, it can decrease influence of thesurface tension of 
developer and rinse liquid which operate. 



[0028] Prevents collapsing of photoresist pattern furthermore 
with embodiment of theanother of this invention regarding to 
method which, Because wettability and tackiness of surface 
decrease by causing thesilation reaction in surface of resist 
pattern which was developed, as caused the resist pattern 
breakdown, as influence with surface tension of liquid which 
operates canbe decreased, pattern breakdown due to sticking 
between resist pattern can beprevented 

[0029] Prevents collapsing of photoresist pattern furthermore 
with embodiment of theanother of this invention regarding to 
method which, Because wettability and tackiness of surface 
decrease by forming thepolymer complex in surface of resist 
pattern which was developed, as caused the resist pattern 
breakdown, as influence of surface tension of liquid which 
operates can bedecreased resist pattern breakdown due to 
sticking between resist pattern can beprevented 

[0030] Prevents collapsing of photoresist pattern furthermore 
with embodiment of theanother of this invention regarding to 
method which, Because wettability and tackiness of surface 
decrease by covering thesurface of resist pattern which was 
developed with run oleast* t> * Blodgett thin film, asinfluence 
of surface tension of liquid which causes resist pattern 
breakdown can bedecreased, resist pattern breakdown due to 
sticking between resist pattern can beprevented. 

[0031] Prevents collapsing of photoresist pattern furthermore 
with embodiment of theanother of this invention regarding to 
method which, Generating small gas bubble in liquid which fills 
up between theresist pattern which was developed, because thos 
gas bubble prevent contactbetween resist pattern which is 
adjacent, as it can decrease degree ofcurve in height direction of 
resist pattern, it can prevent resist pattern breakdowndue to 
sticking between resist pattern. 

[0032] Prevents collapsing of photoresist pattern furthermore 
with embodiment of theanother of this invention regarding to 
method which, To mix microparticle in liquid which fills up 
between resist pattern whichwas developed, because those 
microparticle operate in order to prevent thecontact between 
resist pattern which is adjacent, as extent of curvein height 
direction of resist pattern can be decreased, resist pattern 
breakdown due tothe sticking between resist pattern can be 
prevented. 
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[Working Example(s)] Above-mentioned way 5 resist pattern br 
eakdown is thought that it occurs due tothe various factor, but 
regarding to this invention, it examined in detailconceming 
decrease of surface tension of developer and rinse liquid 
whichhave especially effect as prevention measure of resist 
pattern breakdown, decrease of thewettability of resist surface 
and decrease of adhesiveness between resist pattern mutual. 

[0034] In Figure 1, conceptual sectional view in order to explai 
n influence with thesurface tension of developer or rinse liquid 
for occurrence of resist pattern breakdown isshown. In this 
figure, resist pattern 2 of high aspect ratio which was developed 
is formedon semiconductor substrate L sheet 2 of 2 resist 
which possesses big height in comparisonwith width of namely 
bottom surface stands on substrate 1 . It exposes sheet 2 of 
these resist, from liquid 3 those upper part likethe developer or 
rinse liquid. In this kind of state, when resist sheet 2 having 
possessed thesatisfactory wettability in regard to liquid, as for 
liquid inside theinterval d of 2 resist sheet which proximity is 
done liquid surface level rises with thecapillary phenomenon 
which is based on surface tension. That liquid surface level 
which rose is about to be lowered by gravity, but inorder that 
time for surface tension of liquid surface to pull side face of 
theresist sheet 2 in direction of contact angle , it operates. 
Therefore, kind of force F where you can bring close 2 resist 
sheet 2mutually operates. 

[0035] If in this case, wettability of resist sheet 2 is high, conta 
ct angle of theliquid for surface of resist sheet 2 becomes 
small, height difference h with theliquid surface level which is 
inside interval d of 2 resist sheet 2 and liquid surface level whic 
isthe outside of those sheet 2, when surface tension of liquid is 
large,becomes large. If this liquid surface height difference h 
becomes large, also force F becomes large. When extent when 
wettability for liquid of namely, resist sheet 2 is high, inadditioi 
surface tension of liquid is large, force F which proximity ittrie; 
to do 2 resist sheet 2 becomes large. Furthermore, narrowing 
of resist pattern advancing, if interval d of the resist sheet 2 
becomes small, liquid surface height difference h due to 
capillary phenomenon furthermore becomeslarge, force F whict 
2 resist sheet 2 proximity is done furthermore becomeslarge as 
result. 

[0036] Narrowing of resist pattern advancing from thing above, 
extentresist pattern breakdown where interval d between resist 
pattern becomes small will understandto occur becoming easy. 
In addition, when surface tension of liquid is large, furthermore 
theextent resist pattern breakdown where wettability of resist 
sheet 2 is high to occur willunderstand also fact that it becomes 
easy. When by way, surface of resist sheet 2 possessing 
wettability vis-a-visthe liquid, liquid surface level between 2 
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resist sheet 2 decreasing, it means that the height difference h 
has negative number. And, it is thought thing where repulsive 
force operates between the 2 resist sheet 2. 

[0037] If you observe state of collapsing of resist pattern actual 
ly, whenthe liquid surface level of rinse liquid on semiconductc 
wafer decreasing with drying, resist pattern breakdownstarts 
happening suddenly from time point which upper part of resist 
patternexposes from liquid surface level. In order to make force 
F in Figure 1 small, it makes surface tension ofthe liquid small 
or contact angle that should have tried it becomes closein 
90 °. As for =90 °, state which gets wet completely 
there is aposition of intermediate of state which does not get 
wet completely ,you can say that it is a state which gets wet 
relatively. 

[0038] You explain below concerning several Working Exampl 
e of this invention which can bedone like above on basis of 
analysis. 

[0039] (1) With addition of surfactant decrease of surface tens 
ion 

When you cannot do rinse in developing step, decrease of surfac 
e tension ofthe developer becomes necessary, but because you 
can do to actuality therinse when it is a majority, decrease of 
surface tension of rinse liquidbecomes necessary. When here, 
decreases surface tension only of rinse liquid, while reaching 
tothe rinse from development, that upper part of resist pattern 
does not exposefrom liquid surface, you must note. 

[0040] By way, it can decrease surface tension of liquid, by adc 
ng thesurfactant in liquid. But, when surfactant is added to 
developer, because there are alsotimes when development 
condition changes you must note. With this working example, 
you explain concerning effect due to additionof surfactant to 
rinse liquid. 

[0041] Usually, pure water is used by rinse liquid , surface tens 
n is 70 to 80 dynes/cm. As surfactant, hydrocarbon, silicon- 
based and fluorine type or other various ones are known, 
butappropriate ones among these must be selected, for 
example straight chain sodium alkylbenzene sulfonate or other 
way there is also a general surfactant, but this to need 
relativelymany addition quantity, because sodium ion which at 
same time becomes causeof semiconductor pollution is included 
it is not desirable excessively toinclude to rinse liquid of resist 
pattern on semiconductor wafer. 

[0042] While considering also this kind of probl em, if result of 
examiningthe various surfactant uses fluorine-based surfactant, 
it could recognize fact that effectwhich is superior is acquired. 
Especially, ammonium perfluoroalkylsulfonate salt and 
perfluoroalkyl po)? + > ethylene ethanol etc are effective, 
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itis desirable to add in rinse liquid with concentration of 5 to 
100 ppm. Because because, with concentration of 5 ppm or lesi 
to be small, raisingconversely to concentration of 100 ppm or 
more, big difference it cannotrecognize effect in effect 
concentration range where fluorine-based surfactant in rinse 
liquid is most desirable is 50 to 100 ppm,the surface tension of 
rinse liquid decreases to 10 to 20 dynes/cm extent considerably 
in thatcase. 

[0043] Actually, semiconductor wafer which applied chemical! 
amplifying resist was exposed with KrF excimer laser 
exposurevessel, rinse of semiconductor wafer was done making 
use of rinse liquid whichadds fluorine-based surfactant after 
development. As a result, by comparison with case where rinse 
liquid which doesnot add surfactant is used, collapsing of resis 
pattern decreasedconsiderably. That in this case, after 
development upper part of resist pattern does notexpose from 
developer aspect, you must note. Because rinse it is possible in 
same treatment tank as development, it isnot necessary to 
provide rinse tank separately. 

[0044] By way, generally as for solution furthermore surface te 
nsion decreasesby temperature rise doing. Therefore, by 
temperature rise doing rinse liquid which adds surfactant, 
furthermore effect of prevention of collapsing of resist pattern 
can bereinforced. But, if developer temperature rise is done, 
because control of development conditionbecomes difficult, 
without exerting influence on temperature of the developer, it is 
desirable to decrease surface tension of rinse liquid by 
temperature rise doing rinse liquid. 

[0045] Surface tension of for example water if temperature fro 
m 24 °C becomes the80 °C, from 72.12 dynes/cm decreases 
to 62.60 dynes/cm, surface tension of ethanolfrom 22 
dynes/cm decreases to 18 dynes/cm in same temperature change 
as that. 

[0046] Usually, rinse immediately after development is done i 
nside thedeveloping tank and same vessel. This development 
and rinse in order to treat semiconductor wafer of pluralwhich 
continues are repeated in discontinuous. Therefore, rinse liquid 
which if temperature rise is done was filled in the developing 
tank, there is a possibility reproducibility of precision of resist 
pattern onthe semiconductor wafer of plural to which delicately 
developing tank which temperature controlis done received 
influence, was treated to discontinuous deteriorating. 
Therefore, it is desirable to provide rinse tank separately 
withthe developing tank. In this case, developer being covered 
on semiconductor wafer completely afterthe development, 
with state where upper part of resist pattern is not exposed, 
moving in rinse tank which is prepared at once, rinse is 
donemaking use of rinse liquid which temperature rise is done 
there. 
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[0047] This time, when moving semiconductor wafer to rinse ta 
nk, developer whichhas been covered on semiconductor wafer 
by action of surface tension spilling fromthe developing tank, 
if upper part of resist pattern is exposed, collapsing of the resist 
pattern occurs. Then, because when moving semiconductor 
wafer after development developer thattries does not spill from 
on semiconductor wafer, you could do attempt belowthe . 

[0048] Moving wafer to rinse inside tank to state which iscover 
ed periphery of semiconductor wafer with Teflon rubber or 
other framework which does nothave namely, dust generation, 
when it fills rinse liquid on wafer at rinseinside tank, that 
framework is removed simultaneously. As that kind of framing 
charge, it does not corrode in developer and andthe Teflon etc 
which does not have wettability is desirable. If framing charge 
wettability is good vis-a-vis developer, developeraspect on 
wafer there are times when it decreases. 

[0049] When by way, for second time developer is filled on wai 
erafter first exposure, shaking off initial developer, it must fill 
second developer fromabove without scatter doing and that 
upper part of resist pattern does notexpose from developer, it 
must note. 

[0050] While like above noting, it did rinse of resist pattern act 
ually makinguse of rinse liquid which temperature rise is done t< 
80 °C in rinsetank. chemically amplifying resist which was 
applied on namely, wafer was exposed making use of theKrF 
excimer laser exposure vessel, after moving wafer which 
exposure is done to therinse inside tank, surfactant was added 
inside developing tank and therinse liquid which temperature 
rise is done discharged on wafer, rinse liquid wasflown at once 1 
high speed rotation. As a result, drying rinse liquid on wafer w 
achieved by early stage,became finishing where being cut off 
which does not have residueof rinse liquid on wafer is good. 

[0051] When rinse liquid temperature rise it is done this time, i 
inse liquid in comparisonwith when temperature rise it does nol 
do, above being estimated fromdecrease of surface tension with 
rise of temperature it could recognizethe decrease of collapsing 
of resist pattern. By way, conventional developing apparatus, 
resist application section, PEB (After exposing baking ) and 
heater part for pi* 7 , includes cooling section and 
developer rinsecompartment. But, when rinse liquid which 
temperature rise is done is used, you can dividethe developer 
rinse compartment in developing apparatus into two of 
thedeveloping tank and rinse tank, rinse liquid of high 
temperature, can regarding the rinse tank, discharge to that can 
do also drying at same time withthe high speed rotation you are 
done. 

[0052] (2) Utilization of small organic solvent of surface tensi 
on 
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By comparison with water, organic solvent surface tension is s 
mall generally. With benzene with 29 dynes/cm and ethyl 
alcohol with 23 dynes/cm and the ethyl ether it is a 17 
dynes/cm vis-a-vis surface tension of water in for example 25 
°Cbeing 72 dynes/cm, many organic solvent have had quite 
small surface tension incomparison with water. Therefore, by 
mixing organic solvent to developer and rinse liquid, it 
ispossible, to decrease surface tension of those solution, it can 
expect that itcau control resist pattern breakdown. 



[0053] Ortho diazo naphthoquinone resist which by way, presec 
tly most is a general resist and withthe chemically amplifying 
resist which is observed recently, it can use aqueous alkali 
solution as the developer, water is used as rinse liquid. If in thi 
kind of case, organic solvent which is not mixed with 
waterwhich is a rinse liquid is used, it causes damage in rinse 
liquid and thedeveloper blending, it is not possible to do norma 
rinse. In addition, because water, there are also some which me 
theresist depending upon organic solvent even with when 
organic solvent to dissolvewell is used, sufficient note is 
necessary at time of selection ofthe organic solvent 

[0054] It is a poor solvent vis-a-vis novolak resin etc which is 
a main component of namely, resist materialand organic 
solvent which at same time is mixed with water well mustbe 
found. Result which was examined concerning various organic 
solvent was difficult tomelt novolak resin vis-a-vis methyl 
alcohol and ethyl alcohol or other alcohols, furthermore as 
forthe alcohols it understood that it mixes with water easily. 

[0055] Actually it exposed chemically amplifying resist on wafe 
r making use of KrF excimer laser,after doing conventional 
development, as rinse liquid when rinse was done making useo: 
mixed solution of water and alcohol, it could recognize 
thedecrease of ratio of resist pattern breakdown remarkably in 
comparison with rinsewhich uses pure water. When with in 
case of ethanol, it can recognize effect ofprevention of resist 
pattern breakdown when ethanol concentration in rinse liquid is 
inside range ofthe 5 to 80 %, being a concentration of 50 %, 
most it was a effective. With 5 % or lower effect not be able to 
recognize ethanol concentration for mostpart vis-a-vis 
prevention of resist pattern breakdown, with concentration of 
the80 % or higher resist doing blistering barely, because 
influence is exertedon pattern precision, it is not desirable. 
Furthermore , it is not necessary to provide rinse 
tankseparately from developing tank, regarding this Working 
Example it is possible to dothe rinse in developing tank. 

[0056] (3) Lyophilizing of developer or rinse liquid 



After when drying developer or rinse liquid upper part of resist ] 
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attern startsexposing from liquid surface, because it becomes 
factor where powerwhich originates in surface tension of liquid 
generates resist pattern breakdown, itexamined concerning 
method which in that kind of surface tension removes theliquid 
in unrelated. 

[0057] Freezing doing liquid which namely, it should removein 
tantaneously in liquid nitrogen, without minding liquid phase in 
vacuumyou tried removal of rinse liquid which utilizes 
lyophilization method which is amethod which it dries to gas by 
converting. Because as for this attempt, according to so-called 
dry development method interaction ofthe resist pattern and 
solution does not exist, resist pattern breakdown being, can 
beprevente<S) 5 it is uninformed it has been based on 
thought. But, with this Working Example not being a dry 
development method, making use of conventional wet 
development methodwhile in order to prevent resist pattern 
breakdown, it is tried. Because with conventional wet 
development method, like dry development method technique 
which utilizes thecortical reaction which differs until recently 
completely is not used, there is abenefit that execution is easy. 
Especially, when lyophilization method is applied to rinse liqui 
because usually pure water is used as rinse liquid, after drying 
residue remainson wafer, not grinding densely, are convenient. 

[0058] Rinse liquid freezing is done instantaneously at time of ri 
nse,by with state while resist pattern entirety is covered in rinse 
liquid soaking thewafer entirety in liquid nitrogen, wafer of 
freezing state is arranged inside vacuum container, rinse agent o 
the freezing state evaporates without minding liquid phase in 
under vacuum. According to this lyophilization method, even 
with when bonding strength with resist pattern andthe wafer is 
weak, formation of fine pattern becomes possible with thestate 
which for most part does not have resist pattern breakdown. 

[0059] But, you must note in lyophilization method, fact that, 
liquid substance whichpossesses high boiling point with solid 
substance and standard state which if sublimationare not done is 
included in rinse liquid, means these substance can 
remainbetween resist pattern after drying. Therefore, if before 
freezing of rinse liquid, developer etc with thepure water is no 
washed in fully, it does not become, pure water is desirable as 
namely, rinse liquid, but easily only freezing it ispossible also 
with liquid nitrogen to use water where those whichevaporate 
easily under vacuum are added. 

[0060] Actually, exposing chemically amplifying resist with Ki 
F excimer laser exposure vessel, development afterdoing, in 
rinse liquid of pure water rinse is done wafer in thefully by 
vibrating. That after that, upper part of resist pattern does 
not expose fromthe rinse liquid aspect, while noting, it removes 
wafer from rinse liquid,with state where resist pattern is 
dampened in rinse liquid in wafer back surfacethe rinse liquid 
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freezing is done liquid nitrogen in instantaneous by contacting! 
wafer of freezing state is inserted into vacuum chamber for 
lyophilizing, therinse liquid dries with lyophilization method. 
As a result, by comparison with conventional rinse, when 
lyophilization method is used, itcould not recognize collapsing 
of most resist pattern. 

[0061] (4) Addition of surfactant to in resist 
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If surfactant is added in resist, wettability of resist surface for th 
e liquid decreases. 

[0062] Contact angle of polymeric material for water generally 
depends on surface constructionconsiderably. contact angle for 
water in for example polyethylene and polystyrene etc 
isapproximately 90 ° 5 but being a 36 0 regarding poly vinyl 
alcohol whichpossesses hydroxyl group, it is quite small. 

[0063] Because as for resist surface after developing it is covere 
d in carboxylic acid groupand hydroxyl group, we to have been 
rich to hydrophilicity, because wettabilityfor rinse liquid is goo( 
contact angle becomes small. As explained pertaining to Figun 
1, if contact angle becomes small, inorder to cause resist 
pattern breakdown, force F which operates becomes large,mean 
that collapsing of resist pattern occurs frequently. Therefore, 
with addition of surfactant to in resist, byenlarging contact 
angle , it is expected that it can decrease resist pattern 
breakdown. 

[0064] In same way as case of addition of surfactant to in rinse 3 
iquid,effect of prevention of resist pattern breakdown was 
inspected by mixing various surfactant inthe resist. Even in 
case of addition of surfactant to in resist, it couldrecognize fact 
that fluorine-based surfactant has marked effect in prevention 
ofthe resist pattern breakdown. Especially resist pattern 
breakdown decreased considerably by adding perfluoroalkyl pol 

^ethylene ethanol which is a nonionic surfactant with 
concentration range of 5 to- 100 ppm. With concentration of 
5 ppm or less effect does not appear for most part,the 
concentration is raised conversely in 100 ppm or more and 
improvement of effectis not seen. And, most desirable 
concentration range was range of 50 to 100 ppm. 

[0065] Actually, just 50 ppm added perfluoroalkyl^ ly 
v ethylene ethanol in chemically amplifying resist 5 after 
exposing with KrF excimer laser exposure vessel, as for result 
of doing thedevelopment and rinse with conventional method, 
could recognize effect whichthe resist pattern breakdown 
decreases in comparison with those which do not add 
thesurfactant to resist remarkably. 

[0066] In Working Example above, by trying decrease of surfac 
e tension of liquidand increase of contact angle of resist surface 
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for liquid respectivelyin individual it examined concerning 
prevention of resist pattern breakdown, butnext these surface 
tension and fact that contact angle is adjustedsimultaneously 
were tried. When you adjusted surface tension and contact 
angle by adding surfactant to bothparties of namely, rinse liquic 
and resist, by comparison with those which addthe surfactant to 
respective alone, vis-a-vis collapsing preventionof resist 
pattern furthermore it could recognize fact that it can 
raiseeffect Even in this case, effect is recognized by addition o: 
various surfactant,but it could recognize fact that effect is 
remarkable when theespecially fluorine-based surfactant is adde 

[0067] But, when wettability of resist surface decreases extreme 
y by adding thesurfactant in resist too much, also adhesion 
strength of resist pattern and semiconductor 
substratedecreasing, because release of resist pattern becomes 
easy to occur, youmust note. 



Because improvement of resist surface with polymer reaction ef 
feet is expected tothe prevention of resist pattern breakdown, it 
examined concerning various polymer reaction. As a result, 
silation reaction being an effect in improvement of resist 
surfaceregarding negative type resist pattern was ascertained. 

[0069] When negative type resist is exposed, crosslinking reacti 
on occurring in exposed part, itbecomes insolubility vis-a-vis 
developer. Because and, unexposed part is soluble vis-a-vis 
developer, resist partem isformed by development. 

[0070] After exposing this kind of negative type resist, in silyla 
tion Sarasb"£, beingexposed, portion where crosslink density 
has become high is not done thesilylation for most part, 
unexposed part is done silylation. In addition, after forming 
resist pattern by development doing negative type resistwhich is 
exposed, resist pattern in silylation SarS shipper surface 
ofthe resist which directly is exposed is not done silylation. Ai 
for side face of resist pattern what certain extent silylation is 
done understood. 

[0071] Generally silation is done by vapor phase reaction but, r 
egarding to this invention,because it designates that developer 
and rinse liquid which have beencovered resist pattern are 
removed without causing resist pattern breakdown as objective, 
regarding to this invention, it is not possible to do silation due 
to thevapor phase reaction. Regarding to namely, this 
invention, silation reaction due to wet method was adopted, 
couldtry surface improvement of resist pattern side face due to 
this. 

[0072] Exposing wafer which applied negative type resist of for 



[0068] (5) Silylation of resist pattern surface 
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example crosslinking type, afterdeveloping, silation reaction of 
surface layer of resist is done by insertinginto reactor where 
silylation enters without exposing resist pattern fromthe 
developer aspect continuing. As silylation, bis di 
(methylamino) di j]^. jpl 1 silane etc can be used, resist 
pattern which if development is done is exposed to silylation, 
becauseas for resist upper part which directly is exposed 
crosslink density hasbecome large, silylation it is not done for 
most part. Because side face of resist pattern which starts 
melting with developer thecrosslink density is low certain 
extent silylation it is done. 

[0073] This way side face of resist pattern which silylation is do 
ne to change fromthe hydrophilicity destined for 
hydrophobicity, as influence with surface tension ofthe liquid 
with increase of contact angle of resist surface can 
bedecreased, because it can decrease, resist pattern breakdown : 
considerablydecreased tackiness between resist pattern. 

[0074] It exposes chemically amplifying resist of negative type 
on wafer to fact, with KrF excimer laser exposurevessel, after 
developing with pure water washes in fully 9 but thedeveloper or 
cleaning liquid spilling from on wafer, that resist pattern does 
notexpose from liquid surface, you note. This way, that resist 
pattern does not expose from liquid surface, while noting,you 
insert wafer in silylation to which just 20 % melts thebis di 
(methylamino) di jj* jpl 1 silane in N - methyl - 2 - 
pyrrolidone. With state, silyl reaction was advanced by several 
minutes leaving thewafer under room temperature, after drying 
when resist pattern on wafer isobserved with high speed rotatior 
due to spinner, resist pattern breakdown not occurring forthe 
most part, silation reaction being effective was ascertained. 
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[0075] (6) In resist surface formation of polymer complex 

Ortho diazo naphthoquinone resist etc carboxylic acid is forme 
d mainly in exposed part, solubilizingbeing done by exposure, i 
removed, but many carboxylic acid remain in theresist pattern 
surface in after rinse, surface of resist pattern 
hydrophilicization does this with carboxylic acid whichremains, 
mutually becomes state which sticking it is easy to do. 

[0076] If by way, aqueous solution which includes polyethylene 
glycol , polyvinyl pyrrolidone , the polyethylene imine and 
poly acrylamide or other water soluble polymer and aqueous 
solution which includes polyacrylic acid are mixed,the polymer 
complex being formed, it is known that insoluble substance 
precipitates to thewater. polymer of different kind connects 
this, with interaction between the for example electrical 
interaction , hydrogen bond and Van der Waals force or other 
polymer, is thought thing which those polyrnerfrom water 
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solubility convert to substance of insoluble in water, this 
working example is something which it tries to treat resist 
surface by applyingthis kind of phenomenon. 

[0077] Surface of resist which pattern formation is done, in case 
of alkali developmentjust in water has become interface of 
insoluble portion and soluble portiondepending upon exposure, 
surface of resist pattern of namely,, is kind of state 
whichdissolved in half water, as for resist pattern very there is £ 
statewhich sticking it is easy to do. Therefore, with a some 
external force, resist pattern doing bending, if the resist pattern 
which is adjacent contacts, as though adhesive is attached,or is, 
assuming, that resist pattern has had recovery force even if, as 
for theresist pattern which one time mutually it glues it is not 
possible to leave. Especially, like ortho diazo naphthoquinone 
resist when it is a resist where carboxylic acid ismainly formed 
by exposure, because that kind of carboxylic acid remains 
mainlyin resist surface, glueing tendency between resist patten 
furthermore becomesremarkable. 

[0078] In this kind of case, after development developer and in 
order toprevent glueing between resist pattern mutual water 
soluble substance in resist surface by to thefully washing away 
with water, effort it is done. But, as narrowing of resist pattern 
advances, it is thought that it becomesdifficult to wash away 
soluble matter to this kind of water to fully. Then, that 
developer and soluble matter in resist pattern surface after 
developmentregarding this working example, only washing 
resist surface is not exposed from thewater surface with pure 
water, while noting, continuously it soaks wafer inthe aqueous 
solution which includes polyethylene glycol , polyvinyl 
pyrrolidone and poly acrylamide or other water soluble 
polymer. By this kind of method, polymer complex layer is 
formed by surface of the resist pattern, wettability of resist 
surface is decreased and influence with thesurface tension due tc 
fact that contact angle becomes large can decrease theresist 
pattern breakdown considerably it is controled not only, it is 
possible, todecrease, with tackiness between resist pattern 
mutual as result. 

[0079] Actually, chemically amplifying resist which was appliec 
on wafer was exposed withthe KrF excimer laser exposure 
vessel, after developing making use of specified developer, 
developerwas washed away to fully due to pure water, after 
that, it soaked wafer in aqueous solution which includesthe poly 
acrylamide of molecular weight approximately 50000 with 
concentration of theO.Ol mol/1, after this treatment after 
washing aqueous solution furthermore withthe pure water, wher 
it dries, it could recognize fact that thecollapsing of resist 
pattern is little markedly this kind of treatment bycomparison 
with case where it does not do. Because as for this Working 
Example, surface treatment of resist pattern can be done in 
theaqueous solution, it is simple as process and is a conducive. 
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[0080] (7) Utilization of run olea*> t> * Blodgett membran 



LB ( run oleaster t) * Blodgett ) method is known as method w 
hich forms organic ultrathin film simply. LB method forms 
organic thin film which possesses monomolecular film thicknes: 
on the water surface, organic thin film where 1 molecule layer i: 
locked by copying this organic thin film onthe solid substrate 
can be formed. In addition, it can produce also built-up film 
which possesses multiple partschild film thickness 
monomolecular film thick organic thin film by repeatedly 
copying on solid substrateeasily. 

[0081] For example long hydrocarbon group having extended t 
o chain, if long chain alkyl aliphatic acid wherethe carboxyl 
group is attached to end is put on water layer, as for water 
layerbasis touching to water layer, as for hydrophobic group, 
you take kind ofmolecular orientation which goes away from 
water layer. If melting in organic solvent of volatility, it drips 
this kind of long chain alkyl aliphatic acid, onthe water layer, 
with solvent it spreads on water layer. This way when copying 
LB film which was formed on substrate, if tothe film it tries to 
pull up edge of substrate from in solutionwith perpendicular 
direction, hydrophilic group deposits facing toward substrate 
surface, hydrophobic grouporientation does facing toward 
outside, this working example this kind of phenomenon is 
applied. 

[0082] Solution where long chain alkyl aliphatic acid was melte 
on rinse liquid which waferwhich namely, exposure is done is 
soaked is dripped, LB film is expanded onthe rinse liquid surfac 
It could recognize fact that resist pattern breakdown is 
prevented after that, by pulling up wafer from in rinse liquid 
where LB filmwas formed to surface. 

[0083] As reason of this kind of effect, you can think following. 
Occasion where wafer is pulled up from in namely, rinse liquic 
LB membranedeposits in surface of resist pattern, increasing 
contact angle due to thefact that this LB membrane grants 
hydrophobicity to resist pattern surface, is thought thething 
which decreases also tackiness between resist pattern. 

[0084] Furthermore, surface of resist pattern it becomes state 
which iscovered by LB film, but because LB film like several 
tens A issomething of very thin thickness, it does not become 
with whatinterference vis-a-vis succeeding etching process. 

[0085] Actually, chemically amplifying resist was applied on w 
afer, conventional development was done afterexposure of KrF 
excimer laser, developer spilling from on wafer, that surface of 
resist pattern isnot exposed from liquid surface, while noting, 
wafer was soaked in therinse inside tank where pure water 
enters. Dripping solution which melted palmitic acid in 
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chloroform vibrating,after doing rinse in fully, with wafer as 
long chain alkyl aliphatic acid in therinse liquid on rinse liquid, 
it formed monomolecular film layer of higher aliphatic acid in 
therinse liquid surface. Then, from under rinse liquid aspect 
with main surface of wafer asvertical, it pulled up from edge 
slowly, wafer which waspulled up several minutes after leaving, 
putting wafer on heater inthe atmosphere, it dried moisture 
slowly. When resist pattern on wafer which is acquired with thi 
method isobserved, you did not observe resist pattern 
breakdown. 

[0086] (8) Due to minute bubble contact prevention between r 
esist pattern 

It is something which, tries will prevent contact between theresi 
st pattern to prevent resist pattern breakdown with that this 
working example by at time of the rinse generating fine gas 
bubble in rinse liquid. Generating fine gas bubble in namely, 
rinse liquid, resist pattern breakdown which in side wall of 
theresist pattern if it deposits, is easy to cause fine gas bubble 
when drying rinse liquidfor most part stops being recognized. 

[0087] When between of resist pattern which is adjacent by po 
wer of transverse directionfor resist pattern which originates in 
surface tension as reason where theresist pattern breakdown is 
controled, becoming easy to glue, that fine gas bubble which 
occursin between resist pattern apt - ? becoming, collapse 
of resist pattern itis thought thing which obstructs mutual 
glueing. 

[0088] If rinse is done actually in ultrasonic cleaning bath maki 
ng use of ultrasound generationvessel as means which generates 
fine gas bubble, it becomes statewhere fine gas bubble deposits 
side face of resist pattern. Removing wafer from cleaning tank 
with this kind of state, as for theresult of flying rinse liquid with 
high speed rotation at once due to spin coater, itcould recognize 
fact that collapsing of resist pattern decreasesconsiderably. 

[0089] Fact that ultrasonic cleaning method is used as means w 
hich generates smallgas bubble in rinse liquid, most is effective. 
In addition, after rinse in ultrasonic cleaning bath, time to rinse 
drying be asshort as possible one is desirable. Regarding this 
working example, conventional way granting developer to 
wafer onthe spinner of coater developer, it does not do that 
that way it turns dries, namely, rinse does wafer of 
development end ditch S'in rinsewhich is a ultrasonic 
cleaning bath removes wafer from cleaning tank after rinse 
anddries rinse liquid quickly with spinner. Therefore, in this 
working example, because there is a hazard where upper part 
ofthe resist pattern is exposed from developer aspect wafer due 
to factthat developer spills occasion where it moves from 
developing tank tothe rinse tank after development, it is 
necessary to prevent thespilling of developer by covering wafer 
periphery with framework of therubbery. 



ISTAs Paterra(tm), Version 1.5 (There may be errors in the above translation. ISTA cannot 

be held liable for any detriment from its use. WWW: http://www.intlscience.com Tel:800-430-5727) 



P.22 



. JP 95142349A Machine Translation 



too9o] £Bi=£i*L*:*sg. trf&gtfticjzsv 



[0 09 1] SBC WiB^;; h*«*Lfc* 
(Dfll*L3&<*L<«'>'r4Ci:*<Bft6*ifc. 



[009 2] (9) L/vX h/<#->!IB^0««*a) 

itS L T x v ? > <f $ ft^-fi **tJt<z> 1 0 £ ffi t villi £ 
[0 0 9 3] 

tt±0±3lc. **WJc*fttf, 
/^->*SIBia)«*S3^Klh*tLia)"e, UvX 



[11] 7X^>? httO*t^l/5X h/^-^taSOi: 
CD ffi 2 fF m £ Ift $ *T S fc 46 0) B3t B H T* fe * D 

-«**r>rBB"Cfc*. 
[03] 7X^^ hJ£<D©l*bvX 



[0090] As for result which was experimented actually, as for rin 
sedue to ultrasonic cleaning when washing it understood that 
also decrease of thetackiness between resist pattern due to fact 
that developer residue of resist surface iswashed away 
completely not only an effect by fine bubble whichoccurs 
between resist pattern, by ultrasonic cleaning has contributed 
largely. 

[0091] While actually, exposing wafer which applied chemicall 
y amplifying resist with theKrF excimer laser exposure vessel, 
that after development resist pattern does not expose from 
thedeveloper aspect, noting, it moved wafer in ultrasonic 
cleaning bath where pure waterenters. Then if ultrasonic 
cleaning was done, it could recognize occurrence of 
theinnumerable fine gas bubble between resist pattern. But, if 
excessively you wash over lengthy, because quantity of fine gas 
bubble decreases, it pulled up wafer from ultrasonic cleaning ba 
relatively intothe short time, it dried pure water quickly with 
high speed rotation. As a result, it could recognize fact that 
collapsing of the resist pattern decreases considerably. 

[0092] (9) Introduction of microparticle to between resist patt 
ern 

Above-mentioned way fine gas bubble in addition to lying betw 
en, it canthink of microparticle between resist pattern that it 
lies between. Contact between resist pattern mutual can be 
prevented due to fact that theparticle diameter disperses 
microparticle of several hundred A in rinse liquid between 
resist pattern. As that kind of microparticle, those of material 
which etching is easy tomake time of etching step which follow; 
by comparison with resist materialshould have been used. 

[0093] 

[Effects of the Invention] Like above, according to this inventi 
on, surface tension of at least one of the developer and rinse 
liquid to be decreased, wettability of surface of the resist pattern 
to decrease, tackiness of surface of resist pattern to bedecreased 
because or contact between resist pattern mutual is prevented, 
theresist pattern breakdown in developing step of resist pattern 
can be prevented. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] It is a sectional view in order to explain interaction o 
f resist pattern and liquidwhere aspect ratio is high. 

[Figure 2] It is a sectional view which shows one example of co 
apsing of resist patternwhere aspect ratio is hi gh. 

[Figure 3] It is a sectional view which shows example of anothe 
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of collapsingof resist pattern where aspect ratio is high. 

[Figure 4] It is a sectional view which shows furthermore examj 
le of another of thecollapsing of resist pattern where aspect 
ratio is high. 

[Explanation of Reference Signs in Drawings] 

1 semiconductor substrate 

2 resist pattern 

3 liquid 

Contact angle of surface and liquid surface of resist patter 
n 

D resist pattern interval 

H liquid surface height difference 

It operates transverse direction of resist pattern on basis of F 
surface tension power 
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